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1. INTRODUCTION {#jmv24751-sec-0002}
===============

Acute respiratory infections (ARIs) are the most common illnesses worldwide. They cause nearly four million deaths per year, at a rate of more than 60 deaths/100 000 people.[1](#jmv24751-bib-0001){ref-type="ref"}, [2](#jmv24751-bib-0002){ref-type="ref"} Among all the individuals with ARIs, the elderly suffer disproportional morbidity and mortality rates, mostly due to viral respiratory infections.[3](#jmv24751-bib-0003){ref-type="ref"}, [4](#jmv24751-bib-0004){ref-type="ref"}, [5](#jmv24751-bib-0005){ref-type="ref"}

The rates of ARIs increase with age in adults and are highest among individuals aged \>65 years.[6](#jmv24751-bib-0006){ref-type="ref"} During the past decades, some nations, including China, have faced a rapid increase in the proportion of older people.[7](#jmv24751-bib-0007){ref-type="ref"} Because acute lower respiratory infections, including pneumonia, are a primary source of morbidity and mortality among the elderly, a related disease control strategy is of paramount importance for this population.[8](#jmv24751-bib-0008){ref-type="ref"}

A majority of the previous research has focused on the evaluation of the disease burden associated with ARIs such as pneumonia and influenza among the elderly[9](#jmv24751-bib-0009){ref-type="ref"}, [10](#jmv24751-bib-0010){ref-type="ref"}, [11](#jmv24751-bib-0011){ref-type="ref"}; however, the clinical and etiological features among elderly who present with ARIs have not been well described in China.

A laboratory‐based surveillance system was established in 2012 in Pudong New Area, the largest district in Shanghai City, Eastern China. The current study seeks to describe the demographic and clinical characteristics of the elderly patients enrolled in this system, understand the clinical features of elderly patients with ARIs and identify the dominant viral pathogens among these patients in Shanghai.

2. MATERIALS AND METHODS {#jmv24751-sec-0003}
========================

2.1. Study site and patient enrollment {#jmv24751-sec-0004}
--------------------------------------

Six general hospitals were selected as sentinel sites for this study based on their location, catchment area, and patient volume.[12](#jmv24751-bib-0012){ref-type="ref"} Patients were considered eligible for enrollment when they had at least one of the following symptoms: cough, sore throat, runny nose, or shortness of breath, with or without fever. The inclusion criteria was formulated in accordance with the surveillance guidelines of acute respiratory infectious disease in the whole Shanghai city. For each month, approximately five patients with ARIs over 60 years old in each of the sentinel hospitals were enrolled in this study via convenience sampling. At two sentinel hospitals, surveillance was conducted in outpatient settings: the respiratory clinic and the emergency room. The other four sentinels conducted surveillance at inpatient settings, including the respiratory medicine ward and the intensive care unit.

2.2. Specimen collection and testing {#jmv24751-sec-0005}
------------------------------------

The attending physician collected and stored the throat swab or sputum from the enrolled patient in 2‐mL viral transport media (VTM, Yocon, Beijing, China), which was transported at 2°C − 8°C within 24 h to Shanghai Pudong New Area Center for Disease Control and Prevention for lab testing. Specimens that could not be transported immediately were preserved at −20°C temporarily.

Nucleic acid was extracted from a 200 µL suspension using QIAxtractorTM workstation (Qiagen, Hilden, Germany) with QIAxtractor Virus Reagents (Cat NO. 85146, Qiagen, MD) according to the manufacturer\'s instruction. The elution volume of nucleic acid was 50 µL.

Each specimen was tested for the following eight viral etiologies: influenza virus (A, B, and C), human rhinovirus (HRVs), human para‐influenza virus (PIVs 1‐4), human adenovirus (ADV), respiratory syncytial virus (RSV‐A and B), human metapneumovirus (hMPV), human coronavirus (hCoVs‐229E, OC43, NL63, and HKU1), and human bocavirus (hBoV). Polymerase chain reaction (PCR) amplification was performed with an Applied Biosystems (Forster, CA) 9700 GeneampPCR system using a Seeplex^®^ RV15 ACE Detection Kit. According to the reagent instructions, each set of reaction tubes consisted of 4 µL 5 × RV12 ACE PM (A, B, or C), 3 µL 8‐Mop Solution, 10 µL 2 × Multiplex Master Mix, and 3 µL sample cDNA. The PCR reaction program was 94°C for 15 min, 40 cycles of 94°C for 0.5 min, 60°C for 1.5 min, and 72°C for 1.5 min, with extension at 72°C for 10 min. For all the influenza‐A positive samples, the detection of A(H1N1)pdm09 (Cat NO.RR‐0145‐02), A(H3N2) (Cat NO.RR‐0052‐04), Influenza B (Cat NO.RR‐0053‐02), H7N9 (Cat NO.RR‐0049‐02) was performed using a real‐time (RT)‐PCR Detection Kit produced by Shanghai ZJ Bio‐Tech Co., LTD (Shanghai, China).

2.3. Data collection and statistical analyses {#jmv24751-sec-0006}
---------------------------------------------

The hospital staff recorded the demographic and clinical information including gender, age, symptoms, and clinical diagnosis in case‐report forms. The data were entered into the standard informatics system established by the Chinese Centers for Disease Control and Prevention and analyzed using R 3.2.3 (R Core Team, R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna, Austria). We used chi‐square test (*χ* ^2^ test) or Fisher\'s exact tests for categorical variables and Wilcoxon rank‐sum or Kruskal‐Wallis tests for continuous variables as appropriate. The 95% binomial confidence intervals (95%CI) of proportions were calculated by Pearson‐Klopper method. The results were age‐adjusted by Mantel‐Haenszel method. *P‐*values \<0.05 were considered statistically significant.

3. RESULTS {#jmv24751-sec-0007}
==========

3.1. Demographics and clinical features {#jmv24751-sec-0008}
---------------------------------------

From January 1, 2012 through December 31, 2015, 967 patients above 60 years old were enrolled from six sentinel hospitals. Of these patients, 589 (60.91%) were male, and their median age was 73 years old (interquartile range \[IQR\] = 66‐80 years). A total of 356 (36.81%) were outpatients, and 611 (63.19%) were inpatients. The proportion of male inpatients (409, 66.94%) was much higher than that in outpatients (180, 50.56%) (*P* = 0.000). The median age of the inpatients was much older than that of the outpatients (75 vs. 70, *Z* = 6.55, *P* = 0.000, respectively). Specimens were continuously collected during the surveillance period, with an average of 20.15 specimens per month.

Fever, cough, and sputum production were the most common symptoms. However, the frequency of several symptoms varied between the outpatients and inpatients. Approximately 26.84% (164/611) of the inpatients presented with shortness of breath, and this percentage was significantly higher than that among the outpatients (52, 14.16%) (*P* = 0.001). In addition, more inpatients produced sputum (56.46 vs. 42.70%, *P* = 0.001). However, outpatients were more likely to have fever (307, 86.24%), sore throat (132, 37.8%), headache (97, 27.25%), fatigue (110, 30.90%), and runny nose (89, 25.00%) than inpatients (*P* = 0.000, Table [1](#jmv24751-tbl-0001){ref-type="table"}).

###### 

The demographic and clinical features of the elderly with ARIs in Shanghai, China, 2012‐2015

                             No. of cases (%)                               
  -------------------------- ------------------ ------------- ------------- -------
  Gender                                                                    
  Male                       589 (60.91)        180 (50.56)   409 (66.94)   0.000
  Female                     378 (39.09)        176 (49.44)   202 (33.06)   
  Age, median (IQR, years)   73 (66‐80)         70 (64‐77)    75 (68‐81)    
  Age groups (years)                                                        
  60‐69                      357 (36.92)        172 (48.31)   185 (30.28)   
  70‐79                      358 (37.02)        122 (34.27)   236 (38.63)   0.000
  80+                        252 (26.06)        62 (17.42)    190 (31.10)   
  Clinical features                                                         
  Cough                      824 (85.21)        293 (82.30)   531 (86.91)   0.060
  Fever                      714 (73.84)        307 (86.24)   407 (66.61)   0.000
  Sputum production          497 (51.40)        152 (42.70)   345 (56.46)   0.001
  Short of breath            216 (22.34)        52 (14.61)    164 (26.84)   0.001
  Sore throat                157 (16.24)        132 (37.08)   25 (4.09)     0.000
  Fatigue                    149 (15.41)        110 (30.90)   39 (6.38)     0.000
  Headache                   116 (12.00)        97 (27.25)    19 (3.11)     0.000
  Runny nose                 110 (11.38)        89 (25.00)    21 (3.44)     0.000
  Chest pain                 33 (3.41)          11 (3.09)     22 (3.60)     0.584

IQR, interquartile range.
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3.2. Prevalence of viruses {#jmv24751-sec-0009}
--------------------------

Of the 967 enrolled patients, 306 (31.64%) tested positive for at least one of the eight target viruses. Of these patients, 276 presented with a single infection, whereas 30 (9.80%) were infected with more than one virus. The predominant etiologies of the respiratory viruses in single‐infection cases were influenza (137, 44.77%), HRV (44, 14.38%) and PIV (23, 7.52%). No hBoV positive samples were detected. Influenza was also the most frequently detected pathogen among multi‐infection cases; influenza plus HRV and influenza plus hMPV were the most frequent pathogen combinations among co‐infections, and these combinations were detected in five specimens (16.67%), followed by influenza plus RSV (4, 13.33%). Two patients were infected with three pathogens (Fig. [1](#jmv24751-fig-0001){ref-type="fig"}).

![The percentages of identified viral pathogens in elderly with ARI in Shanghai, 2012‐2015](JMV-89-1700-g001){#jmv24751-fig-0001}

Of the 356 outpatients, 41.85% tested positive for at least one virus. This rate was much higher than that among inpatients (25.70% \[157/611\], *P* = 0.000). The most common viruses were influenza and HRV; 21.35% (76/356) and 6.18% (22/356) of outpatients tested positive for these viruses, respectively, whereas 9.98% (61/611) and 3.60% (22/611) of inpatients did so, respectively. Outpatients were more likely to test positive for influenza than inpatients (21.35 vs. 9.98%, *P* = 0.000). The proportion of patients with co‐infection was similar among outpatients (11, 3.09%) and inpatients (19, 3.11%, *P* = 0.469, Table [2](#jmv24751-tbl-0002){ref-type="table"}).

###### 

The percentages of patients positive for eight viruses among the elderly with ARIs categorized by outpatient and inpatient, Shanghai, China, 2012‐2015

  Virus detected          Total (%) *N* = 967   Outpatients (%) *N* = 356   Inpatients (%) *N* = 611   *P*‐value
  ----------------------- --------------------- --------------------------- -------------------------- -----------
  Positive for anyvirus   306 (31.64)           149 (41.85)                 157 (25.7)                 0.000
  Influenza               137 (14.17)           76 (21.35)                  61 (9.98)                  0.000
  HRV                     44 (4.55)             22 (6.18)                   22 (3.6)                   0.285
  hCoVs                   20 (2.07)             9 (2.53)                    11 (1.8)                   0.405
  RSV                     19 (1.96)             9 (2.53)                    10 (1.64)                  0.269
  PIV                     23 (2.38)             8 (2.25)                    15 (2.45)                  0.426
  ADV                     13 (1.34)             5 (1.4)                     8 (1.31)                   0.882
  hMPV                    20 (2.07)             9 (2.53)                    11 (1.8)                   0.392
  Co‐infections           30 (3.10)             11 (3.09)                   19 (3.11)                  0.469

HRV, human rhinovirus; hCoV, human coronavirus; RSV, respiratory syncytial virus; PIV, human para‐influenza virus; ADV, adenovirus; hMPV, human metapneumovirus.
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The positive percentage of influenza virus presented two seasonal peaks, with a primary peak in the winter (January‐February) and a secondary peak in the summer (July‐August), with the positive percentage of 36.09% and 20.13% respectively. The winter and summer peaks among outpatients were much higher than those among inpatients (46.75 vs. 27.17%, *P* = 0.008; 32.14 vs. 13.09%, *P* = 0.000, Fig. [2](#jmv24751-fig-0002){ref-type="fig"}). hCoVs (9.33% \[7/75\]) and hMPV (10.67% \[8/75\]) had the highest positive percentage in March. HRV was the most frequently detected virus in November (12.90% \[12/93\]) and June (12.50% \[8/64\]). No distinct seasonal patterns were observed for PIV or RSV.

![Seasonal trend of detection rates of respiratory viruses among elderly with ARI in Shanghai, 2012‐2015](JMV-89-1700-g002){#jmv24751-fig-0002}

3.3. Characteristics of patients with influenza {#jmv24751-sec-0010}
-----------------------------------------------

Males accounted for 53.50% of the 157 patients with influenza infection (including 137 single infections and 20 multi‐infections), whose median age was 70 years old.

Compared with the patients who tested negative for influenza, those with positive influenza were more likely to have fever (87.26 vs. 71.23%, *P* = 0.000), cough (94.27 vs. 83.46%, *P* = 0.000), sore throat (29.30 vs. 13.70%, *P* = 0.000) and headache (19.75 vs. 10.49%, *P* = 0.000). The percentage of influenza‐like illnesses (ILIs) among patients who tested positive for influenza was significantly higher than that among those who tested negative (82.17 vs. 56.42%, *P* = 0.000, Table [3](#jmv24751-tbl-0003){ref-type="table"}).

###### 

Comparison of the characteristics between patients testing positive or negative for influenza in Shanghai, China, 2012‐2015

                                                    No. of cases (%)                 
  ------------------------------------------------- ------------------ ------------- -------
  Gender                                                                             
  Male                                              84 (53.50)         505 (62.35)   0.024
  Female                                            73 (46.50)         305 (37.65)   
  Age, median (IQR, years)                          70 (65‐77)         74 (66‐80)    0.001
  Age groups (years)                                                                 
  60‐69                                             69 (43.95)         288 (35.56)   0.016
  70‐79                                             61 (38.85)         297 (36.67)   
  80+                                               27 (17.20)         225 (27.78)   
  Clinical symptoms                                                                  
  Cough                                             148 (94.27)        676 (83.46)   0.001
  Fever                                             137 (87.26)        577 (71.23)   0.000
  *ILI* [^a^](#jmv24751-note-0003){ref-type="fn"}   129 (82.17)        457(56.42)    0.000
  Short of breath                                   22 (14.01)         194 (23.95)   0.014
  Sore throat                                       46 (29.3)          111 (13.7)    0.000
  Fatigue                                           34 (21.66)         115 (14.2)    0.048
  Headache                                          31 (19.75)         85 (10.49)    0.005
  Sputum production                                 77 (49.04)         420 (51.85)   0.289
  Runny nose                                        21 (13.38)         89 (10.99)    0.231
  Chest pain                                        5 (3.18)           30 (3.70)     0.486

*ILI*: Influenza‐like illness: An acute respiratory infection with measured fever of ≥38°C and cough; with onset within the last 10 days.
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Of all the patients with influenza, 93 (59.20%) were infected with A(H3N2), 36 (22.93%) were infected with influenza B, 27 (17.20%) were infected with A(H1N1)pdm09, and one was infected with (0.64%) A(H7N9). A(H3N2) predominated among the outpatient (60.71% \[51/84\]) and inpatient (57.53% \[42/73\]). Influenza B was more common than A(H1N1)pdm09 among outpatients (32.88 vs. 10.71%), whereas A(H1N1)pdm09 was more common among inpatient influenza patients (16.44 vs. 24.66%, respectively).

Compared with the subgroups younger than 80 years old, those older than 80 years were more likely to test positive for A(H1N1)pdm09, with a proportion of 29.63% \[8/27\], *P* = 0.007). However, A(H3N2) was more frequently detected (52.17% \[36/69\]) among patients between 60‐69 years than those over 70 years old (*P* = 0.030).

A(H3N2) was the most frequently identified strain during the study period, with the highest identified percentage (20.13% \[61/303\]) during the summer (July‐September) of each year. Influenza B positive cases were detected in every winter of the four surveillance years and accounted for 91.67% of the isolates collected between January and March. A(H1N1)pdm09 was primarily detected during the winters of 2014 (48.15% \[13/27\]) and 2015 (51.85% \[14/27\] Fig. [3](#jmv24751-fig-0003){ref-type="fig"}).

![Number of influenza positive by type/subtype and by month of illness onset among elderly with ARI in Shanghai, 2012‐2015](JMV-89-1700-g003){#jmv24751-fig-0003}

In January 2015, the sample from a 66 years old female case was detected positive for A(H7N9). The patient presented the symptoms of fever (39.5°C), cough, phlegm, and dyspnea when admitted to hospital after 5 days of illness onset. She had a history of recent exposure to poultry and her chest radiography revealed diffuse opacities and consolidation. She died from the complications of acute respiratory distress syndrome and multiorgan failure after 7 days treatment.

4. DISCUSSION {#jmv24751-sec-0011}
=============

This study identified common respiratory viruses among patients with ARI above 60 years old. Influenza was the predominant virus among both inpatients and outpatients. Despite the low number of collection at baseline, it was evidenced two seasonal peaks (in winter and summer) for influenza virus in Shanghai. Patients confirmed as having influenza infection were more likely to develop fever, cough, sore throat, and fatigue.

Similar studies have demonstrated that influenza causes the great majority of ARIs, and the impact of influenza on the elderly is substantial. More than 2/3 of influenza‐related hospitalizations and more than 80% of the influenza‐related deaths in the United States are estimated to involve the elderly.[13](#jmv24751-bib-0013){ref-type="ref"}, [14](#jmv24751-bib-0014){ref-type="ref"} In addition to their increased morbidity and mortality rates, the clinical features of influenza among the elderly might differ from other populations. In a study targeting older adults hospitalized with influenza, cough was the most common symptom, followed by fever.[15](#jmv24751-bib-0015){ref-type="ref"} These results are consistent with those from our study. The seasonal pattern of influenza observed in our study was similar to the results previously reported in South China[16](#jmv24751-bib-0016){ref-type="ref"} and the recent ILI surveillance results in Shanghai.[17](#jmv24751-bib-0017){ref-type="ref"} In addition to ILI,[18](#jmv24751-bib-0018){ref-type="ref"} elderly patients with influenza were more likely to develop sore throat, shortness of breath, fatigue, and headache. A(H3N2) was the most frequently detected strain in the patients with influenza enrolled in our study. A(H3N2) was the predominant local influenza subtype between 2012 and 2013,[17](#jmv24751-bib-0017){ref-type="ref"} and this result might be affected by the effectiveness of the influenza vaccine in China. A recent study showed that the vaccine effectiveness (VE) against A(H3N2) was lower than that against the A(H1N1)pdm09 strain over those years.[19](#jmv24751-bib-0019){ref-type="ref"}

Vaccination is the most effective strategy to prevent influenza. Although elderly might experience a declining immunogenicity after vaccination due to the immunosenescence,[20](#jmv24751-bib-0020){ref-type="ref"} they are still an important target population for influenza vaccination because of its highest influenza‐related death burden. Seasonal influenza vaccination is recommended for this population worldwide.[21](#jmv24751-bib-0021){ref-type="ref"}, [22](#jmv24751-bib-0022){ref-type="ref"} A quantitative review of 31 vaccine antibody response studies showed that the protection rates of influenza vaccine against A(H1N1), A(H3N2), and B‐type influenza in the elderly were 69%, 74%, and 67% respectively.[23](#jmv24751-bib-0023){ref-type="ref"} According to a study conducted in Brazil, no influenza virus was identified during the influenza season among a group of elderly patients with ARIs, with an influenza immunization coverage of 62.30%.[24](#jmv24751-bib-0024){ref-type="ref"} Influenza vaccines specifically targeting this population have been developed and might facilitate additional efforts to prevent influenza among the elderly.[25](#jmv24751-bib-0025){ref-type="ref"}, [26](#jmv24751-bib-0026){ref-type="ref"} The elderly of several Chinese cities (ie, Beijing and Ningbo) are offered free annual influenza vaccinations.[19](#jmv24751-bib-0019){ref-type="ref"}, [27](#jmv24751-bib-0027){ref-type="ref"}, [28](#jmv24751-bib-0028){ref-type="ref"} However, similar public health policies have not been offered in Shanghai yet.

Previous researches had showed that most of the H7N9 cases were older people with the median age over 60 years.[29](#jmv24751-bib-0029){ref-type="ref"}, [30](#jmv24751-bib-0030){ref-type="ref"} One case infected with A(H7N9) was identified by our surveillance system, which was helpful to increase the timeliness of both clinical treatment and public health disposal.

Several limitations exist in this study. First, because the surveillance system has been operating for only 4 years, and the quantity of the specimens was inadequate at the beginning period, seasonal trends cannot be well described yet. However, the predominant viral pathogen in elderly with ARIs and the characteristics of these individuals was clearly revealed by our preliminary results, which provide primary background information. Second, sampling bias might be caused due on convenience sampling method. Beside, although some inpatients were excluded because they previously visited outpatient clinics, the bias caused by repeated visits remains in our study, especially among inpatients. To improve future surveillance, more information (eg, detailed clinical symptoms, complications, vaccines, and the treatment histories of the patients) should be collected to evaluate the disease burden associated with target respiratory viruses and determine the risk factors.

The findings of the current study showed that influenza is the leading viral pathogen among both elderly inpatients and outpatients with ARIs. Furthermore, two seasonal epidemic peaks were identified in Shanghai, China. An influenza vaccination strategy should be advocated for the elderly population to reduce the disease burden of influenza among this population at high risk for complicated diseases.
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